A new method of estimating the fused periclase quality -the revision of international standards. Quality and service life of refractories on the basis of fused periclase depend to a large extent upon the size of periclase crystals and its mineralogical composition. During fusion of periclase it is impossible to obtain completely homogeneous material with identical crystals size. That is why it is generally accepted to evaluate quality of fused periclase by the average crystals size. Measurements of this item are usually done with the help of generally adopted method of chords, which was developed in the last century and has a number of drawbacks. Magnezit Group developed a new objective method of digital analysis during microscopic examination of structural elements of fused periclase. It allows to considerably improve objectivity of obtained data. The main feature of the new method is application of the system of images analysis, which allows to carry out in automatic mode measurements on the preliminary created digital model of the whole area of the polished section. With the help of the digital model it is possible to calculate average size of fused periclase crystals taking into account number of crystals as well as percentage of the area occupied by them. Does CaO/SiO 2 ratio influence service life of refractories? New view of old rules. Till today it was considered that one of the characteristics of fused periclase quality is coefficient of basicity -CaO/SiO 2 , ratio, which should be more than 2. Magnezit Group carried out investigations of coarse-crystalline fused periclase with MgO >97.5 % content and with various CaO/SiO 2 ratios. We present in this report the main study results: if the impurities content is low in the fused periclase with MgO >97.5 %, then coefficient of basicity exerts limited influence onto the service life of periclase-carbon bricks.
Introduction
Quality of refractory materials, produced with application of fused and sintered periclase, depends upon a number of its characteristics. It was found out that the size of periclase crystals -in addition to its chemical composition, mineral composition of phases, located between crystals, apparent density -plays considerable role. As was proved on practice, the size of crystals exerts considerable influence upon wear resistance of bricks, produced with application of periclase, first of all of periclase -carbon refractories, which are widely used in steel making ( (Riepl & Barthel, 1991; Steinwender & Bugajski, 1991; Mosser & Riepl, 1988) . Maximally exact evaluation of crystals size in quantitative analysis is necessary not only for selecting periclase of this or that quality for production of refractory materials, but also for control of technological factors during production of fused periclase.
Determination of chemical composition and bulk density are standardized while determination of crystal size is done with the help of various procedures, that is why precision of results, obtained in different laboratories, is often not identical (Riepl & Barthel, 1991; Mosser & Riepl, 1988) . It is related both to the difficulty of selecting a representative sample for investigation and to discrepancies in applied methodologies. There is no universally accepted classification of fused periclase by crystals size.
It is known, that for the products of melt crystallization including periclase there is a logarithmic normal law of crystals diameters distribution (under the term "periclase crystal diameter" we understand average crystal size, i.e. average value between the length and the width of a crystal, analogously to the term "periclase crystal size") There are a number of methods for quantitative assessment of periclase crystal size in metallographic sections on the basis of random sampling. As other quantitative methods they are based on presentation of limitlessly large number of intersections of grains with parallel planes or on overlaying onto images of calibrated nets of certain size. Theoretical basics of the methods are given in detail in (Saltykov, 1976) . But stereometric methods (developed in the last century) for microscopic analysis of crystals require much time and are rather labour intensive. Quantitative assessments and calculations of microstructure elements on polished sections or metallographic sections were previously done visually by way of viewing directly into the microscope eyeglasses.
In the century of digital technologies, when spaceships are ploughing the space, the time has come to improve the quality of optical-microscopic measurements using modern digital equipment and programs of images analysis.
Linear Method of Assessment
Linear sizes were first measured in divisions of eyeglass scale. Then obtained results were multiplied for the division value. It was necessary to use during analysis various magnifications from 10× up to 500×, as inadequate magnification in quantitative analysis often led to erroneous results in assessment of two-dimensional structure parameters as a consequence of detection of new small crystals (grains) under high magnification (Sivash, Perepelitsin, & Мityushov, 2001 ). Technology of the most widely used «manual» linear method of crystal size evaluation by way of random chords consists of the following:
-Selection and preparation of a sample for investigation:
 visual evaluation of the total sample and classification of lumpy periclase by colour, structure, texture and cryslalline particles size; evaluation of share of each periclase class;  preparation of sample for investigation. If periclase is in the form of large lumps, it is sawn along the chosen plane, finished and polished. Lumps of periclase less than 10 mm in size are preliminary coated with epoxy resin, then finished and polished;
-Methodology of microscopic investigation:
 adjustment of microscope for 100× magnification with the help of eyeglass.
 installation of polished sample into holder on microscope table. The first site in the periclase sample is chosen and image is focused.
 displacement of the sample to the edge of the line of one crystal from the edge of the net.
 determination of crystals size, crossing the line (Figure 1 ). If a crystal possesses isometrically rounded shape, then one of its middle diameter is measured. If the shape of a crystal is elongated, then its average size is determined, i.e. average value between the maximal length and width of the grain.
 after finishing analysis of a certain fragment the microscope table is displaced lower on the line parallel to the previously investigated site in order to measure another part of the sample and to repeat the process up to the end of the sample edge ( Figure 2 ).  for determination of average crystal size it is necessary to assess the size of not less than 250 crystals. 
Digital Method of Crystals Assessment
Modern methods of microscopic investigation allow to obtain more reliable and exact results in shorter time. At Magnezit Group equipping of the existing optical microscope Axioplan with the system of digital analysis allowed to modify and to supplement methods of determination of microscopic parameters of refractory materials and raw materials. The essence of the suggested method consists in modeling of a digital image of a large area of polished section 1200-1500 mm 2 under any necessary magnification, embracing its whole surface Figure 3 ). With the help of image analysis system it is possible to carry out automatic measurements of material of any grain composition.
During investigation of fused periclase we obtain distinct notion about crystals shape in typical polished sections and determine size and area of all the crystals, which are found in the image (Figure 5а and 5b).
When the borders of crystals are poorly distinguishable it is necessary to etch the surface of the polished section in acid. A typical number of measured crystals for fused periclase is from 600 to 1200 depending upon crystals size. Often fused periclase has different crystalline structure with areas, where aggregation of small crystals is observed. These small crystals occupy in the total volume of the sample a small share, but nevertheless, exert strong influence onto the parameter of average crystal size based on the total number of crystals ( Figure 6 ).
That is why it is reasonable to determine and compare average area crystal size (La average), which takes into account the share of the area occupied by crystals. It is calculated by the formula:
La av . equals = ∑(Ai×Li) / ∑Ai, where Ai -area of crystal, Li -average crystal size. Table 1 and on Figure 7a , 7b data on the character of crystal size distribution in fused periclase, produced by Magnezit Group. The size was determined by two methods: the «old» one and the «new» one. M500 and M1000 -share of crystals in % larger than 500 microns and 1000 microns depending upon the number of crystals.
Mа500 and Mа1000 -percentage of crystals larger than 500 microns and 1000 microns depending upon the area occupied by them. 500 microns and 1000 microns depending upon the area occupied by them.  possibility to do on one and the same image measurements of not only crystals size, but of any basic geometric parameters of plane structure, such as, for example, surface of a separate particle and total surface of contacts, diameter of a spherical particle, dihedral angle between facets, number of microparticles in a unit of volume, number of contacts and other;  measurements of crystals size directly on one and the same image allow to obtain precise data on size of very large crystals, which don't fit entirely in the microscope eyeglass field. Previously it was necessary to move the microscope table several times during measurement of such crystals. Now there appeared possibility to obtain precise data on the elements with absolutely different linear sizes, while previously it was necessary in such a case to change microscope magnification during measurements of small crystals;  reliability and objectivity of obtained results increased. Good repeatability of data is ensured and influence of human factor is lowered. Such results are achieved thanks to increase of amount of data retrieval as well as thanks to retention in real time of all the measurement results. It is possible to assess the obtained result at any moment and if necessary to introduce corrections into determined structure parameters.
All the grades of tested fused periclase are standard products, manufactured by Magnezit Group. They were studied with the help of the new method of crystals size determination. Mineral and chemical compositions were studied as well. Obtained results for some of grades, which are part of the new product line Russian Magnezit™, are presented in Table 2 .
New product line Russian Magnezit™ consists of fused periclase and dead-burned clinker grades with MgO content not less than 97 %, manufactured in Russia on the basis of magnesite from Siberian deposits. We tried to suggest a number of indicators, which in our opinion, describe in fullest measure distribution of fused periclase crystals by size.
Often fused periclase has different crystalline structure with areas, where aggregation of small crystals is observed, These small crystals occupy in the total volume of the sample a small share, but nevertheless, exert strong influence onto the parameter of average crystal size based on the total number of crystals. That is why it is feasible to determine and compare average area crystal size, which takes into account the share of area occupied by crystals. Obtained results for some of grades are presented in Table 2 . We have developed techniques, allowing to change within certain limits average size of crystals and, accordingly, average areal size and area of the whole number of crystals by way of changing fusion mode parameters during production of fused periclase of one and the same composition. 
Evaluation of influence of CaO/SiO2 ratio
With the aim of evaluation of influence of fused periclase quality with various CaO and SiO 2 ratio we tested fused periclase of DTMF 98 grade, which is a part of the new product line Russian Magnezit™, produced by Magnezit Group (97,6-98,1% MgO, CaO/SiO 2 1,4-1,6, bulk density 3,48-3,52 g/cm 3 ) and imported fused periclase of FM 98CS grade (more than 97,7% MgO, СаО/SiO 2 ≥2,2, apparent density 3,48-3,52 g/cm 3 ) which are used as main components in production of periclase-carbon refractories for slag line of 130-tons steel-teeming ladles.
Periclase-carbon bricks have the following composition: basis -fused periclase of fraction 0-6 mm, 9±1% of graphite, antioxidant -metallic Al, Carbores P and phenol-formaldehyde binder. Physical and chemical properties of bricks are identical both after thermal treatment and after coking (see Table 3 ). At the plant №2 (EAF-150) they use technology of hot repair of some areas of steel ladle slag line. Final service life is 110 heats and consumption of periclase-carbon bricks (on the basis of DTMF 98 grade periclase) for repair after one campaign amounted to 4,5 tons, instead of 8,7 tons when bricks made of imported periclase FM 98CS were used. And it should be pointed out that repair works were begun 10-12 heats later.
At the plant №3 service life of bricks in the slag line of steel teeming ladle (before substitution of bricks) amounted to 43-45 heats in both cases.
At the plant №4, where alloyed corrosion resistant steel is produced, melting is done in EAF-120 and then metal is treated in the vessel ASEA or in the degasser VD/VOD. In severe conditions of aggressive action of slag during treatment of metal in the ladle for up to three hours service life оf slag lines made of bricks with periclase of DTMF 98 grade achieves averagely 37 heats, while service life of bricks with periclase of FM 98CS grade amounted averagely to 34 heats.
Resistance of slag lines of ladles lined periclase-carbon bricks based on different periclase were approximately the same. Parameters of thermal vessels, operation conditions and service life are shown in Table 4 . Process of periclase-carbon lining wear in metallurgical vessels takes place according to the well known scheme:
-oxidation of carbon component of the refractory with enlargement of pores. Appearance of large remified pores connected with each other. Oxidizing and reduction processes taking place inside refractory also add their share as well as processes providing for removal of gaseous products from reaction zone of the refractory (from the pores of the refractory) during out-of-furnace treatment of metal in the ladle;
-slag goes along formed pores -channels, in which there is no carbon, and comes into contact with coarsegariend periclase and with fine particles; -grains of periclase are subjected to corrosion along the surface of contact with formation of secondary silicates, spinellides and others. At the same time washing out of grains from the structure takes place. It is confirmed by presence of periclase grains in the slag contacting the working surface of periclase-carbon refractory (Figure 10 ). In case of application of fused periclase and content of low-melt monticellite and mervinite totaling to 2,5% we have not discovered considerable influence onto the process of interaction of metallurgical slag (of basic composition) with periclase-carbon refractories in comparison with the case, when more high-melting belite occurs in intercrystalline space of periclase. The share of silicates in periclase DTMF 98 grade is so small that there is no continuous layer of silicates between crystals along which interaction with the slag may be possible, and in this case their quality isn't so important.
In the case of increasing share of silicates (from 2.5 to 4.0 percent) interlayer between the crystals become thicker and at them begins erosion, destruction grains ( Figure 11 ). Identical result was obtained on EAFs at two plants. When carbon containing refractories on the basis of coarse-crystalline fused periclase of grades DTMF 98 and FM 98CS were used, service life of bricks in slag lines was found out to be equal: on the level of 800 heats.
At present periclase-carbon refractories for steel-teeming ladles and electric arc furnaces are manufactured at Magnezit Group with application of own coarse crystalline periclase. CaO/SiO 2 ratio in fused periclase with MgO content 97,5% and more is predetermined, but it has no decisive influence.
We are of the opinion that much greater influence onto the service life is exerted by such a characteristic as average size of periclase crystals and average areal size of crystals. Critical values of these items are correspondingly on the level of 300-500 microns and 1200-1500 microns. The larger is the size of periclase crystals, the higher is service life thanks to lowering the speed of the process of mechanical washout of decarbonized area.
In the case, considered in our report, difference between the average and average areal size of crystals of fused periclase of grades DTMF 98 and FM 98CS didn't influence service life of refractories as these characteristics were higher than 500 microns and 2000 microns correspondingly.
